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ABSTRACT : PROBLEM TO BE SOLVED: To provide a zoom lens which is miniaturized and whose 
cost is reduced. 

SOLUTION • A first group G1 which has positive refractive force and which is fixed at the 
time of power varying, a second group G2 which has negative refractive force and which 
moves from an object-side to an image surface-side from a wide angle end to a telephoto 
end at the time of power varying, a third group G3 which has positive ref ract.ve force and 
which moves from the image surface-side to the object-side from the w.de angle end to 
the telephoto end at the time of power varying and a fourth group G4 which has positive 
refractive force and can be moved at the time of power varying are installed in order from 
the object-side. A condition expression 0.5< I F 2 /F 3 | <1 .2 (F, represents the focal 
distance of i-th group) on the power of the third group G3, a condition expression 
0 49<l L^/Lol <1 (Li represents the moving quantity of i-th group from wide angle end to 
telephoto end) on the moving quantity of the third group G3 at the time of power varying o 
a condition expression 2<(F 3 . 4 )/IH<3.3 ((F 3 . 4 ) represents synthesis focal distance of third 
group and fourth group at wide angle end and IH represents a image circle radius) on the 
synthesis power of the third group G3 and the fourth group G4 are satisfied. 
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C©/c*, ^2gf«. 4>ft<£*>IEl->Xjfc 

jiu>XK«»»t^i;6£e*tt«B«s^* < £<b? 

S. JMdtCB. ^2SPKiEU>X£fiU>X*>6ft 

50 asteuvx&Sffi-rsc&tcfco. iEu>xi*u> 



(6) 



1 1 -2 58 507 



10 



x©iaoe^*^«:/M<-rsct*i-c*s. * 

[0 0 3 6] #?6I?3©<>5 1-3®X-AU>X 

Kill*. fc©JB»#*WL'£<S#l£ftWfr6SBi*K* > 
•t*J#W*»6fcfflW«GMW 2 ff. iE©JB*WJ* 
WL^t&«Fl£ft«W>6aa*fiK:*>»X»ffli!l*6«l*M 

{C*K»»f*»3». iE(Dllr*ttl/W» 0 
SWSfcWU IWB* 3 »««fMWJ:0 IE 10 

[0037 ] COi^KHISWSi/aftl^lEft** 1 ^ 
SCUSK* WC . ft©)35r * t Wf 6»2 

ffliJ*>6«J(*W«:^«lS-«i-5 Ct(C±0, ft#!&2Srcft 

-ess. cntcfco. W2*K»-r*»ns©><7-© 
tb£*# < -r * c i % < . so&tfc4*« o . ^b*m 

©g^lBOfifi©*!^***^*^^'^- * 
1 i¥£JB 2 #©'< 7 -©Jfc£*S < * £ C £ ft < ^<Stb 

^fWWJa^WKiE • IE -fi©3t5t"C^BK1"SC£tci: 

a{b*a«iS0"c<.>a. -rfc*>*s. ftuvxiifenx^iijE 

©fcaMCi&£;C*«3, iEU>X*2fegag-rSC£J:0 
&l,>IE©;W-£03l?li#©'h32{b (fSS&fltfifc) * 
«Kl/C»,>S. »3*«WttB*»6«K. IE- 

IE-ft£ieB-r4C£(c«fc<3> 4>&t,>Mfc-Ci§iK^£& 30 
KFKfiiEU *fc. *3#£f*©*j£**t*MfcI» 

U SBMr©Sr2W£»3»©^<M*»*WKjfi 
-51} £ C £ an? * • S 6 & £>MS<b*j&£ l/"Cl,> 

4. 

[0 038] */c. *!6W©fc^ 1-3©X-AU>X 
W. ^WI^OIIiK. iEWSfT^^WT^^ 1 fff. ft© 
SJr*4 : &-r-5*2Sf, IE©JIi«JS:WTS!&3 8¥> IE 

©H*tfj**rrs»4»**ru mm. mimtmz 

8¥©IHML *2«£»3S©IHR. ^3f¥i^4l¥©P^ 
MOiEU>X£. %#««:affi=fe|SlWfciE^-X*XU 
IBS8 4 ff »«jft»Jffi©ft**^* l^fl U >X#>£>& Z 

c £ &&K £ f sawac* c £ *«-c # ^ . 

[003 9] COflUBCtoli-C. ^3gf£. ^{*IB'J*>6 
»C. *jftfliJ«:Offi|S]WciEU>X£ > igJitWfCOffi* 
filWfcjEy-X*X U>X£1M U>X©8£ 

8<F t /I H<20 
fcftiO. Fx B»l««W»M«B(lt. I HWtftiii (it©* 50 



<fc9«jft1MCCg< C £*i-C*. U>X?R©/I^{b*«RS 
-rSC£*st*S. £/c iE>^-X*Xb>X£fty- 

tt«#(b*«i*.Tt>4. *3«4C©J:5ft«fiRff * 

§ f~> ic-e©# u > x£«*.ii©ft^* 5 *£ u > x 

£f5C£-C> »3W. »4«f©U>Xt5(St4S/WC 

-5W£Ci£. A»i?7*--27X©ll&rt s "Ct. huIB© 

[0 04 0] *fc. $»t>5 1-5©X-AU>X 
tt. %ftffii]*6>«K:> iEOSJT^W-r&ll ISP. ft© 
Hifr*>£*tf£lff2S¥. £©«#***■*■** 3 ». IE 
©JS*r^4Wi-Sm4S¥4Wb. ^ll¥£^2 
8©HIH. KI2 3¥£lfl3gf©P.gP§, f&38f£S&4l!¥©li!] 
Pi#-£ft-eft^fbU BgiaSfritffctlftWIEl'VX*^ 

£. ftb>XiiEU>X©«^U>Xi©3ft©b>X 

£. JEW>X£ftU>X©g^W>X£©3«t©P>X 
#iBg£ft, fJia»4{¥«ltSc©iEU'>X3!P6&*c: t 

[0 04 1 ] c©1ffS«:«fc*). 4>&t>fl&£tfcSfc-c > *> 

-5. ^©ISfcttKfcffSCi©^**^ ? 
KJIfjSttjE • ft • IE • iE©X- AU>X£jtl&-f £C £ 
*Jr*S. -r^c^^- Hl^ffiiE©ftfi ; l:^2lf£^3g3P 
{C*+3*-6*l«*8ffl0-C. iR^ffliE©ftS©^^ 
JB 1 » £ IS 4 «f »* 1 IScOiE U > XT fllBR-C * 

JRMfflE©ftffl©Atrt^2^©m»?£ ; Sr. ^<*i!'J*> 
6«WC. *U>X£ftW>X£iEW>X©^U>X£ 

KZ'imitic&ircsz. se.cc. ^2f¥©ftw>x£ 

jEU>X*ft^W>X£l/-C«*tcJ:4ttlB*{t*«IA 

ffliia>6ieK. ^U>X£. iEU>X£ftU>X©S^U 
>X£{C-rSC£K«fcO. »il>«Ctt-C»3aM«fet?ll^ 
■TSfe«R^ i £te«f)£-r 4lg«S*^8 < t"4 C £*it? 

3 6&*^tK:»^-C*4. $e»OC. m3gf©iE 
U>X£ftU>X4«^U>X£ LT®WCJ;4tt^ 

[0 04 2] fcfc. ^l8P©^r7-4P<-T4C£«:J: 
l^lSP-C©iR^©l6*fi ; &^^<T6C£*5-ct i 

l^2gp. ^3S¥f©^lgfC^L/fciRMffiE©ftli* s 
[0043] 
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mo. ) "C*S. £#5£ (9) ©TH©8*H*4t. 
Sfl 1 g¥r©iR£©f££fi* 3 *S < % 0 . 0 < < . 
±|5g©2 0 ^1S¥©^'V-* S H<% , 3. + 
#fcSE«Jt*»#«tt< ft**>- **Hfc*»H*itt< ft 
S. 

[ 0 0 4 4 ] 5 <E»tC> *»9!©t> 9 1 o©X-A U>X 
«. $W»I#>P>»:. jE©ffl*WJ*fl"J"**l*f> ^ 

©**MJ*#r*JII4»**U WW*. *l»t*2 

© 2 ft© U & ft O . * 2 «¥X»* 3 »*fcd>fc < 
£ 4>-tt©IE U > X £ H I- > X©8£ U > X£^t? C £ 

[O 0 4 5 ] C©fltJ£&Cfcl>-C. ^H¥©ft^IEU> 
XiftU>X©2^©U>Xi-r-6C:£0Cj;<3. HS1 g¥ 

fc. *©«©»©e«"^1tiE©JiS i &e*"Cfc. *® 
®2Sf*>*^«»3»{CiEU>XiftU>X©^P> 20 
M©(5«* 3 0*x. A 1 * 5 - flW*KJ:3Sr*tt«©£{t* 

[0046] 

mm<ommoim] ktf. *hw©x-ap>x©* 
itwi-ioK^xttHi'r*. ii-iio«M 
ftHJsm-i o©x-Au>x©ii;ftS-c©u>xie 

[0 04 7] jlitfllltt. 3H*Kf»5. 5 0-15. 7 
5. iSft6 6. 42° -24" ©X- AU>Xt*"3 . 
Hlcc^-rJ;5(c. »i»Gi«. ttttUKcdbffiiftiW 

/ c gy^X*XU>Xipgi!iU>X<!:©S^U>X£. 
!gjftffl!JKif*iffi«:I^WfciE^-X*XU>X3!p?>& 0 . 33 
2 gf G 2 «. !&(*W«COffi4l°lWfclM-.* *X U > X 
£. Ml3U>X£PftU>X£©}g£U>X#>e>ft , 5. 
■£©&(<:$ 9 SjW£HU SfT3flG3tt. ffieilx>X2 
ft£ . ^WIJKOffi^rSlW^^ -X tf* U >X#>6 ft 

U > XI «•*> & ft S . S3 3 ?¥G 3 ©ft fc^*ffJ]©BCC # 

*H*-jsi,»&*i-*:t>s. Eft«*6aBi«^©a«© 

-C. ^2fPG2«^H*ffl* 1 ^ffiWit!:^ai)b. SS3f¥G 
3 £184 »G 4 «fiS<OIB»ftl2:*f tt*»6*ffiW*>6«l 

[0 0 4 8 ] HSS0«2«> &*Jfg»5. 5 2-15. 9 
1. Bjft67. 04' -2 3. 7 2° ©X-AU>X~C 
$>K>. 02K7n-r<fc i 5{C > JB1»G1«. ttWHKflB 
fcfattfcA^-XfcX U>X£iE^^X*^ U>X£© 
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Jg^VX^ftO. W2WG2B. *»«KCiIi*iai 

Stfftgb. m3SfG3«. pg£iU>X2tt£. ttttflJ 
ScaffifcfiWfcft^-^XU^Xfr&ftO. H54S¥G 
4«. PiOU>Xltt*>6tti. *3SG 3 ©«*>»(* 

©g{g©P*-. HK^Hi-Cw-r J: *5W" % Wl WG 1 i« 0 

^3g¥G 3 £m4gfG4«taE©F B 1K ; 5r)Atfft* s ^^® 

[004 9] IW3B, «u£ffiS5t5. 50-15. 8 
1. ilft66. 82* -2 3. 8 8* ©X-AU>X"C 
ife't), SSK^Tcfc^K. »1»G1B. mmiKCM 
£ IS] W fc ft > - ^ * * U > X £ PS U > X £ ©Jg£ U > 
X<pi=>ft9. 3l2f¥G2«. SBflU>X£. lEU^Xfr 
<5ft*h *©»««•) SjftJfiMO. I^3|¥G3», Ha 
U>X£, ^IMKaS^lSlW^iE^-X^XUVX 

9. m4gfG4«. ®(*Wceiffi*|SjW/ciE>-X*X 
U>XltSc*>6«:-5. ^2 8¥G2©^fe^fflfii)©®£. 
»3WG3©««>«rt*W©ffii. *4»G40t«»»* 
fli]©StC^^S >. 5 h tlX C > S „ Kft Jg*> 
©^|g©l^, 0tC^Ent?7nT«fc 5 H 1 PG 1 £^<3 
S WBE-C. 13 2 S¥G 2 -ittftflH* 6«ffiMCC»ttL/ . 
|^3l¥G3£^4g¥G4 litB5©HPS*lElf ft* 5 
«3&>6«l#«!jK««|-rS. 
[00 5 0]3EJ6W4tt. «H^E»5. 50-15. 8 
7. iSft64. 93* -24. 87' ©X-AUVXf 

*|SlW/ciEy-^*XU>Xl«C* i e.ft , 3, ^2I¥G2 
«. !BjWJK:eiffi«:I^W/cft^-X*XU>X£. 
U>X£«-(*ffl|-COffi*ltilWfcjE^-^*^ U>X£© 

G3«> Mau>^i. mVMK.Cffi*faVte&.*~* 
*^U>X£ft^-X*XU>X£©S^U>X*i6ft 
ij. |^4gfG4«. PlOUVXltSc^e.ftS. SI3S¥G 
3©ft4>«Wl©ffi£. *4«PG4©«*>«J(*»J©BB«" 

«»B««ja^»6ti-c«.>*. Kft»*>6aaasi' , -©*«© 

10 KL WC^En-C^i^K. ^ll¥Gl£^0Stt@^ 
-C. *2»G2 , a3»fl-W*»6«aBflMKg*0. ^3fffG 

[0 0 5 1 ] Jli*045«. m*S6it5. 5 0-15. 8 
6. Sift6 8. 30° -24. 54' ©X-AU>X"C 

*V ^5tc^-rj:^{c. *ibgib. wmmcan 

«r|S)Wfcft^-X*X U>X£ . ©)»WKOS*|6]W/c 
iE^X^XUVX^ft^ ^2fPG2«. «(*«(C 
i!]jffi?:IaJW/cft>-X*^U>X£. MD3U>X£^(* 

so mehWiMituE* ^t>^u >x£©«^u >x*> 
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hts.*). *©»«:»») sjW&bu H3?¥G3«. ma 
^fflROffi^rsjw^^ ^x*xi/>xi ©&& u > 

XA>64<3. ffS4l¥G4B. MAl'>Xlft*'64£<> 
ffr2gfG2©fi4>&ffll!J©ffi<t. |g3i¥G3©ftfc«fc 
fflOffii , ^4 S¥G 4 OAfeWtMOHKAWfW&l* 

-C^f<fc5(C »l»GltKOStt»e"C. H2S¥G 
2B*»«*»<&«!li«K»»l/. S&3gfG3 £IS4gfG 

4iatBa©ra^^)Atf^* s 6^ffiffi | )^6^iW)K#«)^ i' 
s. 

[0 052] 4*5, »5ICfcl>tB. 01 ItCTrcT 
J^K, |g38¥G3©^f*ffi©IEW>XL„£&llrW> 

[0 05 3 ] HSSWI6 B, tt£RRI6 • 608-1 9. 
09 8. IS867. 32* -2 5. 9 5' <DX-AU> 
Xr*9, B8K*rJ:9«:. *i»Gltt. fl^u> : 
XltStfP649, SI 2 SPG 2 B. i&ttfflJKeiffifcfflW/t 

WfciE^~X#*U>X£©ii£l'>Xa>e>4 , 3. *© 
fcKJSOSaWiBU »3»G3tt. Wfll/>Xi. «J 
f*M«:£iffi£fc tttciEM -XWU> Xi«rf*«KOffl 
£frW/c:&^*#;XU>X©&£l'>XA>P>&l3. * 
4?¥G4B, WOL^Xltfc^ftSo gf3£fG3©& 
*>4»{*ffl©ffl£, S^g?G4©&fetlftf | ]©BK:#£fcffi 

K*BTCiSTJ:5tc. *1WG1 i^DSttlS^ SP 
2SfG2««l<*WJ* : '6#ffiWc^i)!ib > SI3g?G3<!:Jil 
4 «G 4 BffiE©B«*0;tf Mil* 6»WWfc 

[0054] *j*fW7 ». Htfmme . 6 1 3- 1 8 . 

99 9. Hft67. 6 8° -26. 0 8° <£>X-Alx> 
Xt*»), 07lc^TJ:^iC. Jpl»Gl«. dWl^ 
XUfctPfc&D. S&2&G2B. ^fflUKOffl^lSjWfc 
t^i^*XU>Xi, ja3PflU>X£1M*»cAffi£fa 
WfcjEyiX*XU>Xi««*U>^*»6tt9. ^© 
&0C*29S*H4EU *3»G3B. WOl^Xi. « 
ftfflljKtliS^WfcEy-X*^ U>X£$!{*Wc£iffi 

4gfG4B. jajdSUVXi, ^MijKdiffi^lSlWfcfiy 
iX*XU>X4>e.S;5. *3f¥G3<D*fc<feW*W©IE 

OR. HK$5EP-CS%-J"J:5K. SB 1 f¥G 1 S»B 

G 3 tm 4 »G 4 «ffiE©HR*lEtf 6«fflW*> 6 

[0055] »S0iJ8 B. £(£11116 . 54 8-1 9. 
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H867. 80* -2 6. 08' OX-Al/>Xt* 
(3. @8K^f <£5«:, *1»G1B. «jft«]CCOffi4 

isjwfc*<D>-x*^ u>xt. ®{*mic€ffizftttfc 

(ffJKaB£fatt/ciE^~X#xw>X<h©Jg£U>Xa> 
640. -e©fctc&9 S*M4BU S»3gfG3B, P3db 

D. SI4S¥G4B. jSffll^XH&A^&S. H3?¥G 
) 3©&k%<*«©ffi<t, ^4i¥G4©«t> ! 8»fMW©ffiK 

•C. ^2gfG2(*^ffl'J* i e.»Effl | )^Si)b. fg3#G 

[00 56]#lJ6fl9B. M&m®6- 5 6 2-1 9, 
Hft67. 6 9* -26. 08* ©X-Ab>XT* 
0. H9KfiV*-J:5«:. SlSGllt. WttHKflffi* 
[SiWfcfi©^-^*^ U>Xi^(*ffliHcQffi ; &^W^iE 
:0 ^iX*XU^X©l^U>XA^ftt). JS2«G2 
B. «j#flB(Ci!Iiffl*|nI»fcflJ'-X*XU>Xi. PSDfl 
W>XiftWJK£iffi^WfciE^^^*^^>Xi© 
g^UVXrt^&O. •e©^{C^«5 SrffliBU H3S¥ 
G3B, pQU->Xi, MOU>X<hMiaw>X©«^ 
U>X*>640. S&48PG4B. HCiP>Xl1ft*>6tt 
4. S&3g¥G3©«^<*{!W©ffl£. lff4i¥G4©S4> 

j$^©^{g©pg. acc^Enr^-ri^K. ^is¥Gii 

&0 S BH3£r . HI 2 S¥G 2 B«J#«!l*»6*ffiW«:^lD 
30 U ^3ffG3<!:m4^G4BfflSL©r B 1Pi ; Sr)Atf4*5e> 

[0 0 5 7 ] ^J6SF1 1 0B. M*K«6. 46-19, 
jlft68. 52' -26. 08' ©X~A 1>>XT?*> 
<3. H10«*tJ:5K. UlWGli*. WffliKOffi 
4rSJWfcft^-^*XU> Xi !gj Wi CCCiffi*lSj WfciE 
y^.X*^U>X©^U>X<k. ^ftffidCCCiffiSlSlW 
fcjE^-X*XU>X*»6tt»). J(F2»fG2». ^ttffl 
Kdhffi*I^Wfcft^^X*XU>Xt. WBflU>X4«l 
(*MKeiffi*|fllWfcjE^-X*^U>XtOS^U>X 

40 *©««:»•) S*ti« I/. JfJ3«PG3B. M 

Gu>xi. stau>xtMiau>x©s^u>X3!p6 

49. ff!4i¥G4«. SQU>XltSC^e>4e. ^3S¥ 
G3©«fc^}ftfflS©ffli> H4gfG4©S*>^OT']©ffi 

©K. H(c^Enr^-r<fc i 5K. gntjGii&osBS 

Sr. ^2g¥G2B^<*ffJlA^«ffiffl | J^ill^- ^ 3 ®f 

g 3 tm Ar ® g 4 \zmwtDi®mz&tf whim® v» h 

[0058] arte, ±E«its«©»ffl'9 s - 
so # ie^»±ia©?f. f«^*«^e«. f. 0 «f^-> 
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r, , r, -»«*U>XBB(Dft**a. d t > d 
d«oB»f*. i, -a »-tt*U>X©d«K>T*'< 

x= (y 2 /r)/[l+ (I" (K+l) (y/D * 
11 

f = 



*' } 1/2 ] + A«y 4 + A« y 8 + A 10 y 10 + An 

y 12 

[0059] 



^1 



r i = 
r* = 
r 3 = 
r « = 
r 5 = 
r 6 = 
r 7 = 
r, = 
r 9 = 



F N0 = 

186.5411 
39.3312 

-56.8902 
14.7260 
62.1210 
74.5065 
5.5423 
-9.7293 
11.8229 



5.505 
2.792 



r 10 = -139.7255 



r w = 

r^ = 
r 15 = 
r i6 = 

1*17 = 

r 19 = 



11.6742 tf&m) 
-23.0900 

8.6783 
-12.4135 
26.9742 

4.2272 

9.6808 
32.9326 



f 


5. 505 


9. 536 


15.745 


d 6 


0.9695 


4.4520 


6.3793 


dio 


6. 7009 


3.2199 


1.3000 


du 


4.8930 


3.4069 


0.9360 


di7 


2.4323 


3.4685 


5.3700 



mmmz 



9.536 — 15.745 
3.216 ~~ 4.113 

d t = 1.2000 n dl =1.84666 v di =23.78 

d, = 3.9807 n d2 =1.48749 i> da =70.23 
d 3 = 0.1800 

d, = 3.2694 n d3 =1.69680 U d3 =55.53 
d 5 = 00*) 

d, = 0.8400 n„4 =1-77250 V =49.60 
d 7 = 2.9761 

d $ = 0.8400 n d5 =1.48749 t> d5 =70.21 

d 9 = 1.8000 n d6 =1.84666 i> d6 =23.78 
d 10 = (OHE) 

d„ = 05«> 

d 12 = 1.9422 n d7 =1.58913 V d7 =61.18 

d 13 = 0.1500 

di« = 2.6167 n„ =1.72916 u„ =54.68 

d 15 = 0.3000 

d 16 = 0.7000 n d9 =1.84666 V d9 =23.78 

d 17 = (nJSE) 

d 18 = 1.6130 n dl o=1.72916 V dl0 =54.68 

30* K =-0.2184 

A, =-9.0556 X10T 4 

Ae =-2.5457 Xia s 

A, = 1.4387 X1CT 6 

\ 0 =-9.7103 X1Q- 3 

I F, /F 3 I = 0.714 

F 3 /F« = 0.539 

I 0 IT I = 0.897 

| L 3 /L, I ^ 0.73 

(F a .„) /I H= 2.44 

40 Ft /\ H = 6.97 



[0060] 



V^ = 
r 2 = 
r 3 = 
r 4 = 



f = 5 . 524 — 
Fho= 2.784 - 
18.1384 
12.8515 
229.0224 
41.3044 



9.537 ~~ 15.914 
3.389 — 4.215 

d, = 1.2000 n dl =1.84666 V dl =23.78 

d 2 = 5.1730 n d2 =1.60311 i> d2 =60.64 
d 3 = Ofl*> 

d 4 = 0.7827 n d3 =1.65160 J> d3 =58.55 



(10) 



1 1 -2 5 8 5 0 7 



mi i® 



17 



18 



r s = 


5.1749 


d 5 = 


3.5350 










r 6 = 


-33.2963 


CU = 


0.7000 




=1. 56384 




=t)U. 0/ 


r 7 = 


20.7633 


d 7 = 


-0.0132 










r 8 = 


8.2198 


ds = 


1.7596 


n dS 


=1.80515 


V ds 




r 9 = 


13.1948 


d 9 = 












r i 0 = 




d io = 


(pJ^> 










Tn = 


12.3402 (#Scffl) 


dn = 


3.6983 


n d6 


= J. .Off 




=55.34 


Tu = 


-11.8524 


d lz = 


0.8580 










r u = 


11.4834 


di3 = 


2.3550 


n d7 


=1.60311 


»4J 


=60.64 


r 14 = 


-18.6404 


di« = 


0.1297 










Tis = 


48.4996 


dis = 


0.7000 


n d8 


=1.84666 




=23.78 


Tu = 


5.5496 


di,= 


(pJ30 










Tl7 = 


14.2502 


di,= 


1.7219 


n d9 


=1.58913 


l> d 9 


=61.14 


Ti 8 = 


-86.9086 















f 


5. 524 


9. 537 


15.914 


d 3 


0. 6836 


4. 7810 


7. 8162 


d, 


8.4251 


4.3267 


L 3000 


dio 


5. 3747 


3.2145 


0. 9360 


d,o 


1. 9272 


3. 5002 


3.5470 



* K =-0.2184 

A, =-7.1086 X1CT 4 

A* = 2.9893 X1(T S 

A, =-3.3152 X1CT 6 

/Vo= 1-3762 X10T 7 |F, /F 3 

20 F 3 /F 4 = 0.475 

I £zt I = 0.501 

I L 3 /L, I = 0.62 

(F,.«.) /I H= 2.58 

Fi / I H = 10.99 

o 

[0 06 1 ] 



| - 0.837 





f = 5.505 ~~ 


9.528 — 15.810 










F* 0 = 2.786 - 


3.348 — 4.330 








r i = 


19.0896 


di = 


1.2000 


n di 


=1.84666 Vdi 


=23.78 


r, = 


14.7521 


d l = 


3.0968 


n d2 


=1.60311 l/ d2 


=60.64 


r a = - 


-7692.3867 


d 3 = 


OWE) 








r 4 = 


176.4386 


d 4 = 


0.8400 


n d3 


=1.77250 V d3 


=49.60 


r s = 


4.8598 


d 5 = 


1.8112 








r & = 


18.2814 


d 6 = 


1.7596 


n d4 


=1.80518 l> d 4 


=25.42 


r 7 = 




d 7 = 


<nj«) 








r 8 = 


oo (jR0> 


d 8 = 


(TW) 








r 9 = 


7.3400 (imm) 


d 9 = 


2.6421 


n d5 


=1.58913 V d5 


=61.18 


Tio = 


-22.1205 


dio = 


0.1500 








Tn = 


8.0241 


dn = 


1.9734 


n d6 


=1.72916 i> d6 


=54.68 


1*12 = 


52.4926 


d a2 = 


0.1500 








r 13 = 


14.0423 


di3 = 


0.7000 


n d7 


=1.84666 l> d7 


=23.78 


r 14 = 


4.0797 


di4 = 


<pM) 








r is = 


10.1820 <#8cffl> 


d l5 = 


1. 7446 


n d5 


=1.58913 V d9 


=61.14 


r i 6 = 


1133.0330 
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f 


5.505 


9.528 


15.810 


d a 


1. 1566 


5.4711 


8. 0959 


d 7 


8. 2383 


3.9238 


1.3000 


d 8 


5.6465 


3.6256 


0.9360 


dn 


2. 0735 


3.4220 


4.4638 



K = 0 

A, =-5.8146 X10T 4 
Ae =-3.5256 Xia 7 
A, —1.1100 X1CT 6 
\ 9 = 9.7216 Xl(7 9 



f = 5.502 — 
Fho= 2.777 - 

Fl = 16.5657 

r 2 = 570.4842 

r 3 = 33.8910 

r 4 = 5.4863 

r 5 = -13.8594 

r 6 = 7.7346 

r? = 423.2622 

r, = oo (m) 

r 9 = 8.6181 (#Scffli) 

fl0 = -16.8991 

r 11= 7.7569 

r 12 = 258.5476 

r l3 = 4.5291 

r 14 = 9.7155 <#WB> 

r ls = -47.1886 



* K =-0.2184 

A. =-5.1506 X1CT« 
A* =-2.2707 Xlff 6 
A, = 2.5686 X1CT 7 
At o =-1.0482 Xia 8 

mi 5S 

K = 0 

A, =-2.2630 Xl(T 4 

Ae = 1.7763 X1(T 5 
10 As =-1.5096 X1CT 6 

\ Q = 9.3766 XlOT 8 
| F 2 /F 3 I = 0.866F 3 
I #2T I = 0-575 

| L 3 /U i = 0.68 
(Fs.„) /IH= 2.52 
F a / I H = 10.06 

[0062] 



/F, 



= 0.591 



*20 



9.509 
3.341 
d, = 
dz = 
d 3 = 
d 4 = 
d 5 = 
d 6 = 
d 7 = 
d, = 
d 9 = 
dio = 
d lt = 
d XI = 
d 13 = 
d l4 = 



- 15.873 

— 4.352 
3.6105 
(°J*) 
0.8356 
2.6452 
0.8000 
2.6020 
(HJS£) 
(Pi*) 
3.3470 
0.1208 
2.8653 
0.7000 

2.4486 



n d3 
n d4 



=1.48749 l> d i =70.23 

=1.84666 V d2 =23.78 

=1.48749 y d3 =70.23 
=1.84666 l> d 4 =23.78 



n d5 =1.56384 U A > =60.67 

n d6 =1.77250 u„ =49.60 
n d7 =1.84666 V i7 =23.78 

n d . =1.56384 V d » =60.67 



(12) 
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22 



f 


5. 502 


9. 509 


15.873 




0. 9830 


5. 3731 


8.0323 


d T 


8. 3593 


3.9739 


1.3000 


d 8 


6. 5283 


4,2008 


0.9360 


1 d 13 


2. 2562 


3. 7723 


5. 1579 



K =-0.2184 

A* =-3.1865 X1<T 4 

A, = 2.3167 X1(T 7 



* A, = 1.3223 X10T 8 
A, o =-1.9200 Xl(T t0 
mi 4ffi 
K = 0 

A. =-1.1041 X1CT 4 
=-2.7188 X1(T 6 
A, = 3.7776 X1CT 7 
A^ = 0 

I F, /F 3 I = 0.779 
10 F 3 /F, - 0.794 

I /3 2 T I ^ 0.586 

| L 3 /L, I = 0.792 
(F 3 .<.) /I H= 2.71 
F, /IH = 9.98 

o 

[0063] 





f = 5.504 ~ 


9.432 ~ 15.856 








F- 0 = 1.990 — 2.270 


— 2.711 








r, = 


18.2001 


d a = 


1.1730 


n„i 


=1.80518 l> d i 


=25.42 


r 2 = 


13.0296 


d, = 


0.3357 








r 3 = 


13.9728 


d 3 = 


4.8470 


n d2 


=1.69680 u dJ 


=55.53 


r< = 


3102.7527 


d, = 


<*JSE) 








r s = 


424.6070 


d 5 = 


0.8000 


n d3 


=1.77250 y d3 


=49.60 


r & = 


5.6105 


d 6 = 


2.9586 








r 7 = 


-105.0017 


d 7 = 


0.8000 


n d4 


=1.48749 i> d4 


=70.23 


r 8 = 


10.6618 


d. = 


2.3225 


n d5 


=1.72250 l> d5 


=29.20 


r 9 = 


74.1193 dtttW 


d 9 = 


X?I9E) 








r 10 = 




d io = 


G»JSE) 








Tii = 


9.2181 (#*h> 


d tl = 


2.9948 


n d6 


=1.66910 J^ d6 


=55.40 


r i 2 = 


-30.4447 


du = 


0.1424 








Tii = 


7.5345 


d l3 = 


2.5546 


n d7 


=1.67790 V A1 


=55.34 


r t « = 


80.3022 


dn = 


0.7000 


n d8 


=1.84666 Va* 


=23.78 


r ls = 


4.9693 


d is = 










r 16 = 


9.4973 {mm) 


d l6 = 


2.8365 


n d9 


=1.66910 y d9 


=55.40 



r 17 = -38.4689 



f 


5.504 


9.432 


15.856 


d« 


0. 7566 


5.0506 


8. 1970 


d 9 


8.7125 


4.4098 


1.3000 


dio 


4.9718 


3.2094 


0.9360 


d 16 


2. 2537 


3.0666 


3.9604 



K = o 

40 A* =-2.6558 XlCT 4 
Ae = 4.2392 xicr* 
A„ =-5.4464 X10T 7 
= 1.2756 X10T 8 

mi lffi 

K =-0.2184 
A, =-1.8121 X10T 4 
A* =-1.3295 Xior 6 
Ae = 1-4549 X10T 7 
=-4.6461 XlCT 9 

50 mi 6® 



(13) 
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K = 0 

A, =-2.5114 Xia 4 
A* = 3.1103 X1CT 6 
A, =-1.1345 X1(T 8 
/V.= 0 

I F, /F 3 I - 
F 3 /F« 



0.628 
1.088 



* | 0,T I = 0 ' 760 

| L 3 /L, I = 0.54 
( F j . 4» ) /1H= 2.67 
F» /I H = 8.73 

0 

[0064] 



f = 6.608 — 
,= 2.03 — 2.36 



11.270 19.098 
— 2.91 



r i = 


36.688 


d, = 


4.14 


r 2 = 


oo 


d, = 


(HW) 


r 3 = 


21.750 


d 3 = 


1.25 


r 4 = 


8.054 


d 4 = 


5.45 


r 5 = 


-27.511 


d 5 = 


1.00 


r 6 = 


10.412 


d 6 = 


4.50 


r 7 = 


40.550 


d 7 = 


OWE) 


r 8 = 


oo («r>) 


d, = 


(pj^) 


r 9 = 


17.583 (imW) 


d 9 = 


3.42 


1*10 = 


-35.670 


dio = 


0.20 


r u = 


9.390 


d ll = 


4.35 


r t ,= 


87.943 


d l2 = 


0.90 


r 13 = 


6.609 


d l3 = 


0»JSE) 


r n = 


13.553 amm) 


d 14 = 


3.28 


ri S = 


-30.808 







n dl =1.48749 l/ dl =70.23 

n< z =1.84666 l> d2 =23.78 

n d3 =1.48749 y d 3 =70.23 
n d4 =1.84666 V d4 =23.78 

n d5 =1.58913 y d5 =61.30 

n d * =1.77250 l>ds =49.60 
n d7 =1.84666 U i7 =23.78 

n d , =1.58913 i> d8 =61.30 



f 


6. 608 


11.270 


19.098 


d, 


1.00 


9.66 


15.80 


d 7 


16.20 


7. 55 


1.50 


d 8 


8.66 


5.46 


1.50 


d 13 


3.46 


5.00 


j 5.71 



XcA^-l.mTlxior 9 
\ 1= 1.21868X1CT 11 

K = 0.000 
30 A, =-9.93375X10T s 
=-9.76311X10- 7 
A, = 3.21037X10" 7 
/Vo =-1.95172X10" 9 
A^ = 3.74139x1a 1 5 



K = 0.000 

A, =-4.66054XlCT s 

As =-1.33346X10" 6 

Ae = 6.88261X10T 8 



40 



1 F, /F, i = 


0.77 


F 3 /F, 


1.12 


I0 1T I 


0.35 


1 L 3 /L, 1 = 


0.48 


(F,.,.) /IH = 


3.06 


F, / I H 


17.10 



[0 06 5 ] 



Ti = 

r 2 = 
r 3 = 
r 4 = 



f = 
F N0 = 
27.567 
00 

34.610 
7.611 



6.613 
2.64 



11.256 ~~ 18.999 
3.01 ~~ 3.85 
d, = 4.40 
d, = 0*J£) 

d 3 = 1.00 

d 4 = 4.17 



n dl =1.48749 f dl =70.23 
n d2 =1.84666 y d2 =23.78 



(14) 
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r s = 


-26.015 


d s = 


0.95 


n d 3 


=_L. 4o/ I? d 3 


=70.23 


r 6 = 


9.781 


d & = 


J . i\> 


n d a = 


-1 84666 IV j . = 


=23.78 


r 7 = 


77.491 


d 7 = 










r 6 = 




A — 










r 9 = 


9.059 (ItWm) 


a 9 = 




n d s 


— 1. JOJJ.J ^ d S 


=61.28 


r t0 = 


-28.867 


u i o — 


0.20 








Tn = 


13.765 


a it — 


3.12 


n d 6 


=1.77250 V d6 


=49.60 




81.243 


d„ = 


0.90 


n d / 


=1.84666 l> d 7 


=23.78 


r 13 = 


6.376 


d„ = 


0>J£) 










16.883 


d 14 = 


2.54 


n d8 


=1.80400 l> d8 


=46.57 


r t 5 = 


-22.639 


d ls = 


0.90 








r 16 = 


-13.830 


d 16 = 


1.00 




=1.84666 V d9 


=23.78 


r t7 = 


-20.854 













f 


6. 613 


11.256 


18.999 


d, 


1. 00 


8.49 


13.22 


d 7 


13. 73 


6.24 


1,50 


d 8 


8. 03 


5.46 


1. 30 


d 13 


2.38 


3. 71 


5.53 



* K = 0.000 

A, =-2.44569X10T 4 
\ = 1.63587X10T 6 A 8 
A^= 1.25155X1CT* 
A 1J =-2.30862XKr 1 ° 
I Fj /F 3 I - 0.76 
20 F 3 /Fa = L09 

I 0 IT I = 0-50 

| L 3 /L, i = 0.55 
(Fj,4i) /I H= 2.79 
Fi /I H = 12.85 

[0 06 6 ] 



= -2. 5 4 10 OXior 7 





f = 6.548 — 


H.266 ^ 19.000 










Fho= 2.02 - 


2.33 ^ 2.80 








Ti = 


28.972 


di = 


1.50 


ridi 


=1.84666 i> dx 


=23.78 


r 2 = 


19.691 


d 2 = 


0.22 








r 3 = 


20.405 


d 3 = 


4.96 


n dI 


=1.77250 V d2 


=49.60 


r i = 


196.549 


d 4 = 


<UJ£> 








r s = 


42.098 


d 5 = 


1.00 


n d 3 


=1.77250 l> d 3 


=49.60 


r 6 = 


7.090 


d 6 = 


4.71 








r 7 = 


-42.112 


d 7 = 


0.95 


n d 4 


=1.57250 t> d4 


=57.74 


r 8 = 


7.798 


d. = 


3.63 


n d5 


=1.80100 Vd 5 


=34.97 


r 9 = 


51.433 


d 9 = 










r 10 = 


oo («r>) 


dio = 


(?HC) 








Tu = 


13.438 (##B) 


dn = 


2.85 


n d 6 


=1.58913 y dB 


=61.30 


Ti 2 = 


-33.468 


di 2 = 


0.20 








Tl3 = 


16.565 


di3 = 


5.00 


n d7 


=1.77250 y d 7 


=49.60 


r n = 


-9.106 


di 4 = 


0.90 


n d » 


=1.68893 V i* 


=31.07 


r i 5 = 


7.645 


d ls = 










Tl6 = 


13.914 <#*£ffi) 


d t6 = 


5.00 




=1.58913 v 49 


=61.30 


Ti7 = 


-26.414 













(15) 
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f 


6.548 


11.266 


19.000 


d< 


1.00 


7.40 


12.09 


d, 


12.59 


6. 19 


1.50 


dio 


7.10 


4.41 


1.35 


1 d 16 


2. 01 


3. 28 


3.97 



10 



mi is 

K = o.ooo 

A* =-1. 15802 X Id 4 
A* =-2.30929Xl(T 6 



* a, = 9.29778X10" 9 
A, o =-1.70572X10- 9 

K = 0.000 

A, =-1.50902X10" 4 
A* = 7.59738X10T 6 
As =-4.34345X10T 7 
A* 0 = 9.20410X1CT 9 
I F, /F 3 I = 0.64 
F 3 /F 4 = 1-07 

, U /L, I - 0.52 
(F3.4J /IH= 2.81 
Fi / I H = 10.96 

[0067] 



f = 6.562 — 11.266 ^ 19.000 





Fhc= 2.03 - 


2.41 ^ 2.98 








r 1 = 


27.565 


di = 


1.80 


n d i 


=1.84666 y dl 


=23.78 


r, = 


22.250 


d, = 


5.28 


n d2 


=1.69680 i> d2 


=55.53 


r 3 = 


146.290 


d 3 = 


(pBE) 








r 4 = 


33.155 


d 4 = 


1.20 


n d 3 


=1.84666 v d3 


=23.78 


r 5 = 


7.643 


d 5 = 


5.94 








r* = 


-32.864 


d 6 = 


0.95 


n d4 


=1.58913 v d4 


=61.14 


r 7 = 


9.442 


d 7 = 


5.00 


n ds 


=1.84666 l> d5 


=23.78 


r, = 


72.713 


d. = 


(pJK) 








T 9 = 


00 {m) 


d, = 


(aBE) 








r l0 = 


13.995 ttmW) 


d 10 = 


4.65 


n d6 


=1.58913 


=61.30 




-26.315 


dn = 


0.20 








r 12 = 


11.896 


du = 


5.00 


n d7 


=1.77250 l> d7 


=49.60 


r i 3 = 


-19.763 


di3 = 


0.90 


n d » 


=1.80518 V A% 


=25.42 




7.049 


d t « = 










r i S = 


12.657 &mffi) 


d ls = 


5.00 


n d9 


=1.58913 V A9 


=61.30 


1*16 = 


-36.523 













f 


6. 562 


11. 266 


19.000 


d 3 


1.00 


7.09 


11.56 


d 8 


12. 07 


5.98 


1.50 


d, 


7. 83 


4.88 


1. 35 


d 14 


1.29 


3. 19 


4,54 



mi os 



K = 0.000 
A, =-8.4253lX10r s 
A* =-1.06102XlOT 6 
40 ^ = 4.82414X10T 8 
A 10 =-7.21004X1CT 10 
mi 5ffi 
K = 0.000 
A, =-1.53723XlGr' 
A* = 8.03934X1CT 6 
Ag =-4.64l04XlCT 7 
Ai a= 9.96594X10T 9 
I F 2 /F 3 I = 0.72 
F 3 /F 4 = 0.96 

50 I 3 2 t I = 0.55 



(16) 
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I L 3 /L, I = 0.61 
(Fj,4i) /1H= 2.73 

Fj / I H - 11.41 



[0 06 8] 



Jl 0 





f = 


6.460 — 


11.267 ~~ 19.000 










F M0 = 


2.03 ~~ 


2.36 ~ 2.86 










45.399 




di = 


1.50 




=1.84666 v dl 


=23.78 


r 2 = 


30.450 




d, = 


3.42 


n d2 


=1.77250 V d2 


=49 . 60 


r 3 = 


73.068 




d 3 = 


0.20 








r * = 


30.537 




d 4 = 


4.00 


n d3 


=1.60311 u i3 


=60.64 


r s = 


114.998 




d s = 










r 6 = 


37.983 




d 6 = 


1.00 


n d 4 


=1.80610 v d 4 


=40.92 


r 7 = 


7.134 




d r = 


4.94 








r, = 


-34.697 




d, = 


0.95 


n d5 


=1.59551 ^ d5 


=39.24 


r 9 = 


7.910 




d 9 = 


3.74 


n d6 


=1.80518 V** 


=25.42 


r 10 = 


61.919 




dio = 


<iasE> 








r n = 


oo (80) 


dn = 










r i 2 = 


20.148 


<#*E) 


du = 


3.82 


n d7 


=1.58913 u 47 


=61.30 


ru = 


-27.415 




di 3 = 


0.20 








r i4 = 


11.775 




di,= 


5.00 


n d , 


=1.77250 v d8 


=49.60 


r, 5 = 


-16.598 




d as = 


0.90 


n a? 


=1.74077 V d9 


=27.79 


Ti 6 = 


7.678 




d».= 










r 17 = 


14.447 


<##H> 


d l7 = 


5.00 


n d i 0 =l. 58913 y d i,=61.30 


r l8 = 


-24.089 















X-ARflRS 



f 


6.460 


11.267 


19.000 


d 5 


1.00 


7. 29 


11.76 


dio 


12. 25 


5.96 


1.50 


dn 


7. 87 


4. 72 


1.35 


d 16 


2.96 


4.38 


4.80 



mmmk 
mi 2B 

K = 0.000 

A, =-4.84618XlOT 5 

Ae =-1.50477Xia 6 

A, = 6.27337X10T 5 

A^-S^llXlOT 10 

mi 7W 

K = 0.000 
A, =-1.242 32X10" 4 
A, = 4.55032X1CT 6 
As =-2.09257XlCT 7 

0. 5 < I F 2 /F, 
CCt, Fi ttHiWa^dDBBt?**. 



^A, 0 = 3.76691XKT 9 

I F 2 /F 3 I = 0.59 
F 3 /F 4 - 1.08 

I l3 ST I = 0.55 

I L 3 /L 2 I = 0.61 
30 (F jl4< ) /IH= 2.96 
Fx / I H = 11.19 

a 

[0 0 6 9] a±©HJS« 1 OX-AI/>X*«ffiMJ 

( b ) tt#jgJRfi, ( c ) teSffiflX^ ( d ) «{S 
$fejRS> (e) ttravjR^C**. 
[0 07 0] H±©*«W©X-AU>XttW*ti*© 

40 CD ttttWW^Wtc. iE©IB*f*«:W-rS^fSB*H 
[007 1] 



I <1 



. 2 



50 [ 0 0 7 2 ] C 2 ] 



(1) 



